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REPORT ON NEW PUMPING SYSTEM SOFTWARE ON PUMPING 
INSTRUMENTATION AND CONTROL SKIDS 

1 .O INTRODUCTION 

1.1 This report documents the details of the Programmable Logic Controller 
(PLC) and the Data Table Access Module (DTAM) logic developed for the 
new pumping system employed for saltwell pumping. The new system is 
planned first for pumping A-101 where Pumping Instrumentation and 
Control (PIC) skid “F’” is located. The new pump requires a bump start 
under certain conditions that will be controlled by the PLC. The bump start 
is to ensure sufficient water to the pump bearing cavities. 
The PLC logic is required to control the shutdown of the injection pump 
that supplies the water to the saltwell pump bearing cavities. Allowance to 
start and stop the injection pump will be controlled by the PLC at the PIC 
skid. 
This report is written for PIC skid “P’, but will apply to other PIC skids 
where the new pumping system is deployed. The logic will remain the 
same, but the ladder rung-numbers may change from skid to skid. 

1.2 

1.3 

2.0 REQUIREMENTS AND ASSUMPTIONS 

2.1 The following requirements were used to develop the software changes for 
the PLC and DTAM. Requirements are for both the new pump operation 
and the injection water pump. 

Injection pump must run at least 10 minutes prior to the saltwell 
pump being started. This is recommended by the vendor to ensure 
adequate water flow to the bearings. 
A flow switch on the injection water line provides an interlock for 
the saltwell pump control. The flow switch interlock shuts down 
the pump should low flow or loss of cooling water to the bearings 
occurs. 
The saltwell pump is to be “bump” started the first time the 
injection pump is started or restarted by monitoring the flow 
switch. The “bump” start is recommended by the vendor to ensure 
air is removed from the bearing cavity to allow water in the cavity 
for bearing cooling. 
The “bump” sequence is to consist three sequences of 1 second run 
and 10 seconds of OFF time for the saltwell pump. These times 
and sequence are recommendations by the pump vendor. 

2.1.1 

2.1.2 

2.1.3 

2.1.4 
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Stop the injection pump 30 minutes after the saltwell pump shuts 
down. The shutdown helps minimize the amount of water being 
pumped into the transfer line and tank. 
Stop the injection pump 40 minutes after starting if the saltwell 
pump is not started. (Allow 10 minutes for the initial water flow to 
the saltwell pump and then 30 minutes for starting the saltwell 
pump.) This is a safety precaution requested by operations to 
prevent unnecessary amounts of water from being pumped into the 
transfer line and tank. 
Stop the injection pump 5 seconds after a high transfer pressure 
trip of the saltwell pump. This shutdown of the injection pump 
will prevent pressure buildup in the transfer line should the line 
become plugged. 
A power monitor interlock is to be in the control logic to shut 
down the saltwell pump. The power monitor is to help protect the 
motor and provides information on the operation of the pump. 
A motor winding high temperature interlock is to be in the control 
logic to shut down the saltwell pump. This temperature 
monitoring and interlock helps protect the motor from permanent 
damage. 

2.1.5 

2.1.6 

2.1.7 

2.1.8 

2.1.9 

2.1.10 An alarm to motor winding high temperature shutdown is 
requested to warn operators of approach to shut down of the 
saltwell pump. 

condition. 

on the DTAM screen. 

system using the flow switch and flow rate value. It is assumed a 
display to the nearest gallon is sufficient. Display the estimated 
value on the DTAM screen. 

unnecessary alarms andor shutdown outputs to other skids from 
occurring. This will include the horn, strobe light, pump trouble, 
and shutdown output to other skids. 

decimal value. 

the pumping system. 

2.1.1 1 A bearing wear alarm is requested to warn of the pump bearing 

2.1.12 A flush water temperature indication is to be provided at the skid 

2.1.13 Estimate the amount of water from the injection pump into the 

2.1.14 Apply appropriate bypasses during the bump start to prevent 

2.1.15 Provide a DTAM screen to enter the injection flow rate as a 

2.1.16 Revise the dilution subroutine to account for injection water into 
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3.0 PLC ADDRESS CHANGES 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 
3.8 
3.9 
3.10 

PLC input from the recirculation pressure transducer is removed. The 
recirculation transducer is no longer required due to the new pump 
configuration where the pump bearings are cooled by an outside water 
source rather than the recirculation of waste through the pump hearings. 
This transducer is removed and replaced with a back-flow preventer with no 
inputs to the PLC. 
The thermocouple input to the PLC form the motor hearing is removed 
since the new motor has no bearing thermocouple elements. 
A new PLC input (address N60: 16) is added for the motor winding 
temperature RTD. This is a 4 to 20mA input that comes from the RTD 
module in the Intrinsic Safe panel on the PIC skid. The RTD input from the 
motor windings is run to the Intrinsic Safe panel module that converts the 
resistance to a 4 to 20mA signal. 
A new PLC output (address N60:20/1) is added for injection pump s t d s t o p  
control from the PIC skid. 
A new PLC input (address N60:20/6) is added to monitor the injection 
pump run status. 
Additional heat trace control is provided for the pump piping assembly heat 
trace. This makes use of addresses N60:29/0, N60:29/2, N60:29/4, and 
N60:29/5. 
Bearing monitor input uses address N60:30/7. 
The injection flow switch input uses address N60:30/10. 
The power monitor uses address N60:31/8. 
Two new thermocouples, one for the pump piping assembly and one for the 
flush water temperatures use addresses N60:34 and N60:35 respectively. 

4.0 DTAM ALARM CHANGES 

4.1 

4.2 
4.3 
4.4 
4.5 

Alarm 14 is changed to “MOTOR WINDING HIGH TEMP 
SHUTDOWN.” 
Alarm 39 is changed to “PUMP INJECTION WATER LOW FLOW.” 
Alarm 40 is changed to “POWER MONITOR HIiLO SHUTDOWN.” 
Alarm 58 is changed to “PUMP WORN BEARING ALERT.” 
Alarm 59 is changed to “MOTOR WINDING HI TEMP WARNING.” 

5.0 PLC OUTPUTS TO OTHER SKIDS 

5.1 The recirculation high-pressure and signal loss outputs to other skids is 
removed. These outputs no longer exist since the recirculation transducer is 
removed. 

4 0 F  18 
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6.0 PLC LADDER LOGIC CHANGES 

6.1 This section describes in detail the PLC ladder logic changes for the new 
pumping system. The changes are made to incorporate the requirements in 
section 2.0 above. 
Ladder 2: A new subroutine 21 is added for the calculation of the injection 
water volume. 
Ladder 3: This is the first pass subroutine used to set initial conditions in 
the remaining ladder logic. Three new rungs 6 through 8 are added to set 
initial conditions for the bump start logic in ladder 7. These settings are to 
ensure that a bump start will be set for the first time the PLC is turned ON. 
One new rung 9 is added to ensure the volume in subroutine 21 does not 
reset unexpectedly. 
Ladder 4: Rung 1 is changed to remove data module 6. New rung 2 is 
added for data module 6 since it is changed from an analog to a relay data 
module. 
Ladder 5: This ladder is the alarm activation and interlocks for the saltwell 
pump motor. The following changes were made. 

6.5.1 The trip point in rung 0 is changed from 15 psig to 30 psig. This is 
due to the additional pressure from the injection water pump 
attached to the system. 
Rung 6 has a bump relay contact added that is TRUE when the 
bump sequence is not active or during the bump sequence when 
the pump is running for the 1 second time period. The contact is 
FALSE during the 10-second shut-off time during the bump 
sequence to prevent a pump trouble alarm and interlock break from 
occumng. 
Rung 17 has the pump low temperature logic portion is changed 
from the pump bearing thermocouple to the pump assembly 
thermocouple since the pump bearing temperature no longer exists. 
Alarm 8 will now activate upon jumper heat trace high temperature 
or low pump piping temperature. 
Rung 22 has a bump permissive contact inserted that is TRUE 
when the bump sequence is inactive. The contact is FALSE when 
the bump sequence is active to prevent the shutdown alarm and 
horn during the 10 second off time during the bump sequence. A 
time delay contact is used to prevent a false alarm during the 
switch from bump to normal start. 

6.2 

6.3 

6.4 

6.5 

6.5.2 

6.5.3 

6.5.4 
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6.5.5 Rungs 24 and 25 are deleted since the recirculation pressure 
transducer no longer exists. Two new rungs 24 and 25 are inserted 
for the motor winding temperature high shutdown and warning. 
Rung 24 monitors the winding temperature and will break the 
interlock and activate alarm 14 when the temperature is 390 
degrees F or higher. The interlock will remake and alarm clear 
upon the temperature dropping below 370 degrees F. The logic 
functions as follows: when the temperature is 390 degrees F or 
higher, the two GEQ become TRUE thus making the interlock and 
alarm outputs TRUE. The reset contact N20:52/10 becomes 
TRUE. When the temperature drops below 390 degrees, the first 
GEQ becomes FALSE, but the rung remains TRUE due to the 
reset contact. When the temperature drops below 370 degrees, 
then the second GEQ becomes FALSE, thus making the alarm, 
interlock and reset elements in the rung FALSE. New rung 25 
functions in the same manner except the true setting is at 380 
degrees F, but the reset point is the same at 370 degrees. There is 
no interlock associated with rung 25, only alarm 59. This rung is 
to provide a warning to the operator that the motor temperature is 
approaching the high shutdown temperature. 
Rungs 56 through 57 are deleted. The recirculation pressure and 
signal loss are no longer used. The motor bearing temperature is 
replaced with the motor winding high temperature in new rungs 24 
and 25 described above. A new rung 56 is added for the power 
monitor interlock and alarm. The series high and low power 
contacts on the power monitor are monitored by address N60:31/8. 
When either of the power monitor contacts open, the N60:31/8 
contact in rung 56 becomes TRUE. If the pump motor is running, 
then when the power monitor contact is true, the interlock and 
alarm outputs become TRUE thus breaking the motor interlock 
and activating alarm 40. The power monitor has internal circuitry 
for delays for startup power changes. The interlock and alarm 
clear upon pump shutdown due to both the motor and power 
monitor contacts resetting making the rung FALSE. 
Rung 62, now renumbered 61, has a dilution contactor input 
inserted. This will allow the dilution no flow alarm and interlock 
to be active only when the dilution pump is ON. The dilution 
pump may not run all the time with the injection pump inputting 
water into the system. When the saltwell and dilution pumps are 
running, the N60:31/6 and N60:28/1 contacts are TRUE. Should a 
low flow occur, then contact N60:28/7 becomes TRUE and starts 
the 5-minute timer. Upon timing out, rung 62 becomes TRUE to 
shutdown the saltwell and dilution pumps and activates alarm 35. 
Should the dilution pump be off when the saltwell pump is 
running, the contact N60:28/1 is FALSE to keep rung 61 false. 

6.5.6 

6.5.7 
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Rungs 66 and 67 are deleted for the recirculation high-pressure 
interlock and alarm since the recirculation transducer no longer 
exists. 
New rungs 65 through 68 are added. Rung 65 is an alarm only for 
the worn bearing alert. Contact N60:30/7 becomes TRUE when 
the bearing monitor field contact opens, thus activating alarm 58. 
Rungs 66 to 68 are for the injection water low flow interlock and 
alarm. Address N60:30/10 monitors the flow switch field contact. 
The field contact is closed on normal flow and opens on low flow. 
On low flow, contact N60:30/10 in rung 66 is TRUE and makes 
timer T4:62 TRUE. After 2 seconds, the timer done contact in 
rung 67 becomes FALSE and resets timer T4:89. Resetting of 
timer T4:89 causes the timer done contact in rung 68 to become 
TRUE, thus causing the interlock and alarm 39 outputs to become 
TRUE. On normal flow, the contact in rung 66 becomes FALSE 
and resets the 2-second timer. Upon resetting, the timer done 
contact in rung 67 becomes TRUE and starts the 10-minute timer 
T4:89. After 10 minutes, the timer done contact in rung 68 
becomes FALSE, and the interlock and alarm 39 to clear. The 
two-second timer is used to prevent water transients from causing 
false interlock breaks and alarm. The 10-minute timer is used to 
meet the requirement to have 10 minutes of injection water flow to 
the pump-bearing cavity after the flow switch. 

6.5.8 

6.5.9 

6.5 

6.5 

6.5.10 Rung 73, now rung 74, has a bump permissive contact inserted to 
prevent shutdown output to the other skids during the bump 
permissive sequence. The bump permissive contact in this rung is 
FALSE during the bump shutdown portion of the sequence to keep 
the rung FALSE. The contact is TRUE when the bump 
permissive is FALSE or when the bump sequence is inactive to 
allow an output during normal operation of the pump. A delay 
contact is used to prevent erroneous shutdown output during the 
switching from bump to normal start. 

1 Rungs 77 and 78 are deleted. These are outputs to the other skids 
for recirculation high pressure and loss of signal. These interlocks 
no longer exist. 

2 Rungs 84 and 85, which are now rungs 83 and 84 due to the 
deletion of other rungs, have three interlock changes. The 
interlock contacts for high recirculation pressure, loss of 
recirculation signal and motor bearing high temperature are 
replaced with motor winding high temperature, power monitor 
high/low power, and injection water flow switch. These contacts 
are TRUE for normal conditions. 
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6.6 Ladder 7 has rung 0 replaced with new rungs 0 through 16. These new 
rungs are used to determine whether a hump or normal start will occur; 
provide for the normal or bump start sequence; and provide for injection 
pump shutdown after the saltwell pump shuts down. The following explains 
the ladder logic. 

6.6.1 Rungs 0 and 1 are used to control the bump or normal start of the 
saltwell pump. Latching relays are used so after the rungs become 
false the contacts associated with the latched or unlatched 
condition will remain either true or false until the latch relay 
condition is changed. The 10-minute timer contacts from ladder 5 
are used since it monitors the injection water flow switch. When 
there is no or low injection water flow, the 10-minute timer-done 
contact in rung 1 is TRUE and the “bump or normal” relay is 
unlatched, thus forcing a bump start when the saltwell pump is 
started. In order for the saltwell pump to start, the injection water 
must return to normal and the 10-minute timer times out. This will 
cause the timer-done contact in rung 1 to become FALSE and the 
timer done contact in rung 0 to become TRUE. However, since 
the bump start has not occurred, the “bump to normal start” contact 
is FALSE, thus preventing the latching relay from becoming 
latched. The relay in rung 0 will become latched only after the 
bump sequence has occurred. Once the relay is latched, the 
associated contacts will remain in either their true or false 
condition until the injection water flow switch contacts open, 
resetting the 10-minute timer. Resetting the 10-minute timer will 
then cause rung 1 to become TRUE and forcing a bump start the 
next time the saltwell pump is started. 
Rung 2 is the start control for the dilution system along with 
normal run relay for the saltwell pump for the 30-minute shutdown 
requirement for the injection pump after the saltwell pump shuts 
down. This rung can become true only after a bump start has been 
completed or if the saltwell pump has shutdown and restarted 
without injection water low flow opening. To explain the rung 
logic it is assumed the hump start is completed. Therefore, the 
N20:14/0 contact will be TRUE due to rung 0 having been TRUE 
after the bump sequence was completed. Assuming the interlock 
circuit (N20: 17/3) and pump trouble (N20:24/4) interlocks are both 
TRUE, then the pump can be started. When the start is pressed at 
the DTAM screen, the N20:17/0 contact becomes TRUE, thus 
causing the dilution outputs and the reset relay to become TRUE. 
Upon closing of the motor starter contactor, the MR-1 contact will 
become TRUE and then the pump run output relay becomes 
TRUE. There is a second N20: 17/0 contact in rung 6 for the 
actual starting of the saltwell pump. The pump run relay is used 
for the DTAM to monitor the pump run condition and in the 
injection pump control circuit. The reset relay becomes TRUE 

6.6.2 

I 
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and makes its associated contact in rung 4 TRUE. With the 
interlock and pump trouble contacts TRUE, then the N20: 17/0 
output is TRUE and keeps rung 2 true. Should the interlock or 
pump trouble becoming false, then the N20: 17/0 contacts in rungs 
2 and 4 become FALSE stopping the dilution pumps. Should a 
stop command be received from the DTAM, then N20: 1710 
becomes FALSE making the reset relay FALSE which in turn 
makes rung 4 false in both parallel paths. 
Rung 3 i s  the bump permissive control. This rung becomes true 
when a bump start is required and the start input is received from 
the DTAM screen. The “hump start” contact is TRUE when the 
logic from rungs 0 and 1 are set for bump start. When the start 
contact from the DTAM becomes TRUE, the bump permissive 
becomes TRUE provided the interlock and trouble contacts are 

timer contact in rung 4 to become TRUE to cause the motor start 
reset relay to become TRUE. The motor start reset relay is 
necessary for resetting the start command at the DTAM. Should 
the pump stop due to an interlock or pump trouble, the motor start 
reset relay becomes FALSE and makes the start from the DTAM 
contact FALSE. This prevents the pump from automatically 
restarting after the interlock or pump trouble clears. The Off-delay 
timer is used because during the transition from the bump to 
normal start, the bump permissive contact in rung 4 becomes 
FALSE and the seal-in contact becomes TRUE at approximately 
the same time. To ensure that the seal-in contact is true before the 
bump permissive becomes false, the bump permissive contact is 
delayed on changing to false by 0.02 seconds after the bump 
permissive rung 3 becomes false. The bump permissive rung when 
true, causes the bump permissive delay contacts in rungs 22 and 74 
of ladder 5 become FALSE to disable the horn and shutdown 
output during the bump sequence. Should a fault occur such as a 
pump interlock break or pump trouble or should the start be 
aborted from the DTAM, the bump permissive rung will become 
FALSE and the contacts in rungs 22 and 74 of ladder 5 will 
become TRUE thus allowing the horn to sound and shutdown 
output to occur. The delay contact is used to prevent erroneous 
shutdown alarm and output during the switch from hump to normal 
start. 

I 
6.6.3 

TRUE. The timer for Off-delay becomes TRUE and causes the I 
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6.6.4 Rung 4 is the start reset logic. During a bump start the bump 
permissive contact is TRUE and during normal run mode the start 
reset contact is TRUE. As explained above, the restart output 
becomes FALSE during the bump start if the bump permissive 
goes false. When the N20: 1710 output becomes FALSE, then the 
N20:1710 contacts become FALSE. This keeps the pump from 
automatically restarting when the fault is cleared. Once the pump 
shuts down from a fault, it must be restarted from the DTAM 
screen. During normal run mode, the bump permissive contact is 
FALSE and the start reset contact is TRUE. Therefore, if the 
pump shuts down during the normal run mode, the start reset again 
will become FALSE causing the N20: 17/0 contact to become 
FALSE. A N20: 1710 contact is in series with the bump permissive 
delay contact to allow for manual shutdown from the DTAM 
screen. This contact is required because the delay contact will not 
open soon enough and the N20: 1710 output will put the DTAM 
input back to TRUE, thus keeping the bump start locked in. The 
interlock and pump trouble contacts are in this rung. Both must be 
TRUE to allow the saltwell pump to operate during bump and 
normal start and the dilution pumps to operate during normal start. 
Should either contact become false, the N20: 1710 output becomes 
FALSE and causes its associated contacts in rungs 2 , 3 , 4  and 6 to 
become FALSE. This will stop the pumps. 
Rung 5 resets the bump sequence counter. The counter is always 
reset upon initial pass during subroutine 3. When the bump 
permissive is FALSE, the bump permissive contact in this rung is 
TRUE and the counter is reset. This counter counts the three 
cycles of the bump sequence. 

6.6.6 Rung 6 starts the pump motor either during the bump sequence or 
for normal run mode. There are two parallel paths in this rung, one 
for bump start and the other for the normal run mode. First the 
bump path will be explained. The bump relay contact is controlled 
by rung 8. This contact is TRUE during the 1 second run time and 
becomes FALSE during the 10-second shutdown time during the 
bump sequence. The bump permissive contact is TRUE due to 
rung 3 being TRUE. Should an interlock or pump trouble fault 
occur, this bump permissive contact becomes FALSE to stop the 
bump start because rung 4 becomes false causing rung 3 to become 
false. When both the bump relay and bump permissive are true, 
then the MS-I output is TRUE and 120vac is sent to the motor 
starter to start the pump. The other parallel path starts the pump 
during normal start sequence. The normal start contact N20: 1410 
controlled by rungs 0 and 1 must be TRUE for a normal start to 
occur. During the bump sequence, the start-from-DTAM is 
already TRUE. Upon completion of the bump sequence, the 
N20: 14/0 contact becomes TRUE and the pump normal starts. 

6.6.5 
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Should the pump be shut down and the injection water flow remain 
closed, then the pump will start normal without going through the 
bump sequence when the start-from-DTAM is made TRUE. 
Rungs 7 through 10 are the bump sequence control. There is a 
bump permissive contact in each rung. This is done so the bump 
start can be stopped any time during the sequence. In rungs 7, 8 
and 10 the bump permissive contact is TRUE for bump starting to 
proceed and becomes FALSE when the bump sequence is 
completed or stopped. In rung 9 an opposite bump permissive 
contact is used. This contact is FALSE during the bump sequence 
and TRUE when the bump sequence is completed or stopped. 
This contact when true causes the bump relay to unlatch and be 
ready for the next bump start when called upon. The bump 
sequence fimctions as follows. When the pump motor is started in 
rung 6 ,  the MR-1 contact becomes TRUE in rung 7 causing the 1 
second timer to start and the counter to increase by 1. The MR-1 
contact is used to ensure that the pump motor is actually started 
prior to starting the 1-second timer and counter. Upon the 1- 
second timer timing out, the timer-done contact in rung 8 becomes 
TRUE and starts the 10-second timer. The bump relay in rung 8 
also becomes TRUE which makes the bump relay contact in rung 
6 FALSE and stops the pump motor. The timer-done contact in 
series with the bump latch relay is TRUE because the timer has 
not timed out. The bump relay contact in parallel with the 1- 
second timer contact in rung 8 becomes TRUE and seals in the 10- 
second timer. This is required because when the pump motor 
stops, the MR-1 contact in rung 7 becomes FALSE causing the 1 
second timer to reset which then causes the timer done contact in 
rung 8 to go FALSE. The bump relay makes the associated 
contact in rung 6 of ladder 5 becomes FALSE to bypass the pump 
trouble during the 10 second down time during bump sequence. 
Upon timing out of the 10-second timer, the timer done contacts in 
rungs 9 and 10 become TRUE. Either rung 9 or 10 will become 
true depending upon whether the counter is at 3 or less than 3. If 
the counter in rung 7 is at 1 or 2, then rung 9 is TRUE because the 
counter-done contact is TRUE and the bump relay is unlatched 
causing the contact in rung 6 to become TRUE to start the pump 
again. The unlatching is allowed because the timer done contact in 
rung 8 is FALSE due to the 10-second timer timing out. The 
bump relay contact in rung 6 of ladder 5 become TRUE again to 
reactivate the pump trouble. When the bump relay becomes 
unlatched, its associated contact in rung 8 becomes FALSE and 
the 10-second timer is reset. When the counter in rung 7 is at 3 ,  
the counter done contact in rung 9 becomes FALSE and the 
counter done contact in rung 10 becomes TRUE. Timing out of 
the 10 second timer then causes rung 10 to become TRUE and the 

6.6.7 
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to normal start” relay is made TRUE which makes the associated 
contact in rung 0 TRUE. Rung 0 now becomes TRUE. This is 
allowed because the 10 min delay contact is TRUE due to the flow 
switch indicating proper flow and rung 1 being false so the relay in 
rung 0 can be latched. Upon rung 0 being true, the relay latches, 
the associated contacts in rung 2 and rung 6 become TRUE, and 
the associated contact in rung 3 becomes FALSE. The contact in 
rung 3 makes the bump permissive FALSE which in turn enables 
the horn and shutdown output in ladder 5, unlatches the hump relay 
in rung 9, and resets the counter through rung 5. Rung 2 will cause 
the dilution system to start up and rung 6 will cause the pump 
motor to start. Since the bump to normal start relay in rung 0 is a 
latching relay, the pump can be normal started after a shutdown 
provided the injection flow remains such that the flow switch does 
not drop out. If the flow switch drops out, then the N20:14/0 relay 
will be unlatched in rung 1 and a bump start will be required. 
Rungs 11 and 16 are for the injection pump control. Rung 11 
monitors the run status of the injection pump. The N60:20/6 
contact is TRUE when the pump is running, thus starting the 10- 
minute timer. This IO-minute timer corresponds to the 10-minute 
timer in ladder 5 for the flow switch and is used to control the 
injection control relay in rung 12. Rung 12 is the injection 
shutdown control. The injection pump will always be started prior 
to the saltwell pump starting. Therefore, the N20: 14/7 contact will 
be FALSE, resetting the 30-minute timer and causing the timer- 
done contact T4:94/DN to be TRUE. The high transfer pressure 
contact, N20:14/9 must be TRUE to allow the injection pump to 
start by output N60:20/1 being TRUE. Once the injection pump 
starts, the 10-minute timer in rung 11 starts. Upon timing out, the 
associated 10-minute timer contact in rung 12 becomes TRUE 
making the injection control relay TRUE. The corresponding 
injection control contact in rung 12 becomes TRUE and will start 
the 30-minute timer. The 30-minute timer will start because the 
saltwell pump is not ON making the normal run contact N20: 14/7 
TRUE. If the saltwell pump is not started before the 30-minute 
timer times out, the injection pump will shut down. This injection 
pump shutdown occurs because the associated 30-minute timer 
contact in rung 12 becomes FALSE making the injection pump 
output FALSE which stops the injection pump. At the same time, 
the injection control relay becomes FALSE, which in turn causes 
the associated contact in rung 12 to become FALSE causing the 
30-minute timer to reset. Resetting of the 30-minute timer causes 
the associated timer contact in rung 12 to become TRUE again, 
allowing the injection output to become TRUE. This allows for 
restarting of the injection pump. When the saltwell pump starts 
before the 30-minute timer times out, the pump normal run contact 

6.6.8 
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in rung 12 becomes FALSE and the 30-minute timer resets. 
Should the saltwell pump later shut down, the pump normal run 
contact in rung 12 will become TRUE, causing the 30-minute 
timer to start. If the saltwell pump is not restarted within 30 
minutes, the injection pump will shut down upon timing out of the 
30-minute timer. Rungs 13 through 16 are for shutting down the 
injection pump upon the saltwell pump shutting down due to a 
high-pressure transfer trip. The high-pressure contact in rung 13 is 
TRUE upon high pressure, thus causing latch relay N20:14/10 to 
become TRUE. A latching relay is used since once the saltwell 
pump stops, the high-pressure decays causing the high-pressure 
contact to become FALSE again. The associated latch relay 
contact in rung 14 becomes TRUE when the latch relay is true, 
thus starting the 5-second timer. A 5-second timer is used to allow 
pressure decay to occur before shutting down the injection pump to 
prevent waste material from entering the injection pump bearing 
cavities. Upon timing out of the 5-second timer, rung 15 becomes 
TRUE and the corresponding contact of N20:14/9 in rung 12 
becomes FALSE to cause the injection pump output to become 
FALSE causing the injection pump to stop running. Once the 
injection pump stops and the high transfer pressure clears, rung 16 
becomes TRUE to unlatch the transfer pressure relay. The 
unlatching causes the associated contact in rung 14 to become 
FALSE to reset the 5-second timer which in turn causes the timer- 
done contact in rung 15 to become FALSE. When rung 15 
becomes false, the high-pressure contact in rung 12 becomes 
TRUE to allow the restarting of the injection pump. 

6.7 Ladder 9 has new rungs 4 through 7 added. These rungs are similar to rungs 
0 through 3 for the jumper heat trace control. Rungs 4 through 7 control the 
pump piping assembly heat trace. A screen on the DTAM is provided to 
enter the temperature setpoint that is stored in file N3 1 : 17. The temperature 
is read into address N60:34. 
Ladders 17 and 18 have tags changed to reflect the changing of the alarms. 
No logic changes have been made. 
Ladder 19. An output rung is added for module 6. Outputs of address 
N60:20 are sent to the data 6 module outputs. 

for the injection water being added into the pumping system. 

6.8 

6.9 

6.10 Ladder 20 is totally revised to use floating-point data entry and to account 
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6.11 Ladder 21 is a new subroutine for calculating the volume of injection water 
to the new saltwell pump. Two assumptions used in this routine are that the 
water flow remains constant and that the nearest whole gallon readout is 
sufficient. The volume readout is provided on a DTAM screen in gallons. 
The routine used is similar to the total value calculated for the waste volume 
from gathering the flow rate from the flow meter. This method is used 
because it is assumed that more than 32,767 gallons will be used which is 
the maximum number that can be stored in any file in the PLC. A larger 
value will cause an error in the PLC program. The main difference is the 
flow meter is sending out a 4 to 20mA signal. Here a discrete signal is used 
to start the process. The calculation functions as follows. 

6.1 1.1 Rung 0 starts the subroutine when the injection water flow switch 
closes making contact N60:30/10 TRUE. The 60-second retentive 
timer starts. A retentive timer is used because if the flow switch 
opens during the timer-timing phase the time is kept. This 
prevents any flow data from being lost due to the timer being reset 
during the timing phase. Since the flow rate used in the calculation 
is a value entered in at the DTAM in gallons per minute, the 60 
seconds makes the calculation easy by simply adding the flow rate 
every minute. 

6.1 1.2 Rung 1 becomes TRUE when the 60-second timer times out. The 
flow rate that is stored in file F90:3 (the value entered from the 
DTAM screen) is added to the accumulative value file F90: 1 and 
then stored back into the same file F90: 1. 

6.1 1.3 Rung 2 resets the 60-second timer. 
6.1 1.4 Rung 3 becomes TRUE when the accumulative value in file F90:1 

is equal to or greater than one. When this occurs, one is subtracted 
from the accumulative value and the result stored back into the 
accumulative file. At the same time the C5:4 counter is increased 
by one. When counter C5:4 becomes 10,000, then the CS:4-done 
contact become TRUE causing counter C5:5 to increase by one 
and resetting the C5:4 counter back to zero. 

6.1 1.5 Rung 4 resets the C5:5 counter should it ever reach 10,000. 
6.1 1.6 Rung 5 resets the entire volume calculation routine back to zero. 

This can only be done from the DTAM through a restricted screen. 
Rung 6 is part of the reset where a zero is placed in address 
N20:14/1 after the reset takes place. This is necessary to prevent 
rung 5 from continually resetting since once N20:14/1 is made 
TRUE at the DTAM it will remain true until an action occurs to 
make the address false. When rung 5 becomes true, then relay 
N20:14/5 becomes TRUE. This in turn makes the associated 
contact in rung 6 TRUE initiating the zero move to N20:14/1. 
After N20: 1411 becomes FALSE with the zero, the N20: 1415 relay 
goes FALSE thus make the associated contact in rung 6 FALSE. 

6.1 1.7 Rung 7 returns the subroutine back to ladder 2. 
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6.12 Here is an example of the above subroutine. Assume a flow rate value 
entered at the DTAM is 0.35gpm, F90:l is at zero and the counters are at 
zero. When the flow switch closes, the timer starts. After 60 seconds 0.35 
is added to the F90:l file and stored there. The timer is reset and after the 
next 60 seconds 0.35 is added to the F90: 1 file making the stored 
accumulative value 0.70. The next 60 seconds increases the accumulative 
value to 1.05. This causes rung 3 to function because the accumulative 
value is greater than 1. One is subtracted fiom the accumulative value and 
the result of 0.05 is stored in the F90: 1 file. The counter increases to 1. At 
this point the DTAM screen that displays the injection water volume will 
indicate 1 gallon. The process will continue as described. When the first 
counter counts 10,000, then the second counter counts one and the first 
counter is reset to zero. The DTAM screen is set to read just four places for 
each counter. Therefore the value at the DTAM will be 10000. 

7.0 DTAM PROGRAM CHANGES 

7.1 The DTAM which is the operator interface to the PLC required changes to 
incorporate the bump start, injection pump starting, heat trace control 
changes, injection flow rate setting, and injection water volume total. The 
following describes the screen changes made to the DTAM program. 

Existing screen 6 is changed to a data display screen to show the 
status of the injection pump on the DTAM. The screen monitors 
the output address to the injection pump to display whether the 
injection pump is ON or OFF. 
Screen 8 has the motor temperature submenu item removed. Three 
submenu items 2 through 4 are inserted for the injection pump. 
Item 2 is for the injection pump run status; item 3 goes to the data 
entry screen to set the injection flow rate; and item 4 goes to the 
injection volume submenu. 
Screen 9, which is a security screen, has the previous menu link 
changed to the screen 8 submenu. This screen is used to protect 
the injection flow rate setting from being changed other than by 
authorized personnel. 
The saltwell pump start screen 11 is modified because of the new 
bump start sequence being added. The screen displays pump 
normal start and bump start. The pump starting entry remains the 
same. The pump normal start displays reads the pump run relay 
address that is TRUE only when the motor starter contactor is 
closed. The bump start display reads the bump permissive address. 
Screens 20 and 37 are modified to include the flush water 
temperature display. Screen 37 is also modified to display the 
maximum dilution flow in a decimal value. 
Screen 25 is changed to show the pump piping assembly 
temperature. 

7.1.1 

7.1.2 

7.1.3 

7.1.4 

7.1.5 

7.1.6 
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Screens 29 and 44 were modified to include the motor winding 
temperature display. Screen 29 is also modified to show the 
minimum dilution flow in a floating-point decimal value. 
The title of submenu screens 30 and 3 1 were changed to “Heat 
Trace” since both the jumper and pump piping heat trace controls 
are included. 
Screen 34 has a maximum dilution flow item added to the 
submenu and referenced to screen 80. 

7.1.10 Screen 36 is revised for the minimum dilution value to be 
displayed as a floating decimal value. 

7.1.1 1 Existing screen 38 was changed to be a data entry screen for the 
injection flow rate. The existing flow rate value is displayed for 
operator benefit. The data entry is limited to entry values between 
0.3 and 1 .0 with a default value of 0.301. 

injection water flow rate and total volume. The flow rate is 
displayed as a floating-point decimal value. This screen reads the 
two counter accumulation files in subroutine 21 in the PLC 
program for the volume. The display is arranged to read the first 
four digits in each file and can display an eight-figure volume 
value. The read out is to the nearest whole gallon. 

7.1.13 Screen 53 was modified to include the power monitor and low 
injection water flow alarm message. 

7.1.14 Screen 58 was modified to include the pump bearing and motor 
winding temperature alarm message. 

7.1.15 New screen 80 is added for entering the maximum dilution ratio 
value. 

7.1.16 New screens 82,84 and 85 are added for the heat trace control. 
Screen 82 displays the setpoints for the jumper and pump piping 
assembly heat trace. Screen 84 is a data entry screen for setting the 
pump piping assembly heat trace setpoint. (The jumper heat trace 
setpoint screen already exists.) Screen 85 is a submenu screen for 
selecting the heat trace setpoint or display screens. 

volume total. Screen 83 is a submenu for either selecting either to 
view the total volume or resetting the volume back to zero. Screen 
86 is a security screen to protect the volume resetting. Only 
authorized personnel can go in and reset the volume back to zero. 
Screen 87 is the reset screen. Pressing 1 will reset the volume back 
to zero. 

7.1.12 Existing screen 39 was changed to a data display screen for the 

7.1.17 New screens 83, 86 and 87 are added for the injection water 
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7.1.18 Alarm screen 114 revised for motor winding high temperature 

7.1.19 Alarm screen 139 revised for injection water low flow. 
7.1.20 Alarm screen 140 revised for the power monitor high or low 

7.1.21 Alarm screen 158 revised for pump worn bearing alert. 
7.1.22 Alarm screen 159 revised for bearing approach to high temperature 

shutdown. 

shutdown. 

shutdown. 
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8.0 APPENDICES 

8.1 APPENDIX A: INJECTION PUMP CONTROL 
8.2 APPENDIX B: SALTWELL PUMP SIMPIFIED STARTING FLOW 

8.3 APPENDIX C: DILUTION FLOW SUBROUTINE 
8.4 APPENDIX D: PLC LADDER LOGIC 

8.4.1 LADDER 2: PARTIAL 
8.4.2 LADDER 3: PARTIAL 
8.4.3 LADDER 4: PARTIAL 
8.4.4 LADDER 5: COMPLETE LADDER 
8.4.5 LADDER 7: PARTIAL 
8.4.6 LADDER 9: COMPLETE LADDER 
8.4.7 LADDER 19: COMPLETE LADDER 
8.4.8 LADDER 20: COMPLETE LADDER 
8.4.9 LADDER 21: COMPLETE LADDER 

CHART 
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~~~ 

0010 

0011 

0012 

0013 

0014 

0015 

0016 

0017 

0018 

LAD 2 - --- T o t a l  R u n g s  i n  F i l e  = 19 
~~ ~~ - ~~ ~ ~ ~ 

GO TO FLOW METER ROUTINE WHEN PUMP ON AND INPUT TO FLOW METER IS GREATER THAN 4 mA 

GRT 
~ ISECDELAY 

Greater Than (A>B) 
Source A N60: I 5  

T4:33 

DN 
I ~ 

3281< 
Source B 3211 ~ 

321% 

NETWORK INTERLOCK 

I -  -~ 

ALARM ACKNOWLEDGE 

~~ ~- 

1 OLJTPUT TO STROBE AND LIGHTS AND HORN 

~~ -- ~ ~~ 
~ 

DILUTION SYSTEM ROUTINE 

- ~ ~ 

SEND OUTPUTS 1 N2017 

7 

1 CALCULATE INJECTION WATER VOLUME IN GALLONS 

~ ~~ ~~~~ - ~~~~~ . 
~ 

RESET TOTALIZER (FLOW METER) 1 N2017 

~ ~ - J S R  
Jump To Subroutine 
SBR File Number U:13 

~~ ~ ~ ~~ 

T4:33 
i: RES > 

JSR 
Jump To Subroutine 
SBR File Number 

I 
~1 Jump To Subroutine t~ 

SBR File Number U:I8 

, ~~~~ ~ JSR 

~ ~- -~ JSR 
Jump To Subroutine 
SBR File Number u 2 0  1 I ~ -~ 

-<END> 

~ -~ ~- 
~ -- -~ 
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w 7 7  

0078 

w 7 9  

0080 

W81 

I ---- 

n21- Sour- B 

I -- 

FLASHFORALARM 
CONDITIONS 

d C  9 

COLOR W O E  FOR 
A L m  CONDITIONS 

N20 17 
t-- ____.___ 

INJ WTR FLOW SW SUB-INFUILOCK SUB INTERLOCK CGM HI LFL CGM TRB PIT LD llls LDYllRB MOTVRPERMlSSlVE 
N2051 N1O 17 N20 25 N20 2 1  NZO I7 

2 19 

RET 
IMNm 

I 

-END 
~ ~ ~ ~ ~ _ _ _ _  ..~______..____ 
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IMP MPUT FROM DTAM ACIIVATEE PERMISSIVE 
STARTRIOMDTAM BUMP START WHEN TRUE NERLCCKCKT PUMPTRB MTLK 

N>":I, 
d l  
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IF THE COUNTER I S  LESS l" 3, THE BUMP START W A Y  IS UNLATCHED TO ACTIVATE THE BUMP RELAY CONTACT IN RUNG 3 TO RESTART THE PUMP 

BUMP UNLATCH RELAY 
NZO 14 

OSR 1- - 
4 4 

m9 

BUMP PERMISS 

6 

IS I. THEN NORMAL START I S  ACTUATED M RUNG 0. 
BUMP TO NORMAL START 

10 SEC COUNTER BUMP PERMISS 
C s 3  N2014 

DN 6 

IN1 PUMP ON 

0011 piio- _ _ _ _ _ _ ~ . _ _ _  

Time Bax 
Prcsel 
AOEYm 

THIS RUNG CONTROLS THE INJECTION PUMP SHUTDOWN THE INIECTION PUMP WILL SHUT DOWN 30 MMS AFTER THE SALTWELL PUMP SHUTS DOWN OR 
40 MMS AFTER THE INJECTION PUMP STARTS AND THE SALTWELL PUMP HAS NOT STARTED OR W T H M  J SEC UPON A HIOH TRANSFER PRESSURE TRIP OF 
THE SALTWELL PUMP 

OUTPUT TO MI PUMP 
30 M M  HI PRESS MTLK CONTACTOR 

0012 

0011 

0014 

' IN1 CONTROL PUMP 

7 

N2Ql4  

8 

newt 1 8 W  

HI XFER PRESS HI XFER PRESS LATCH 
N2024 N l 6 l l  N2014 

-3>- ~ _ _ _ ~ ~  
10 

---i F--i OSR 7 
2 7 

THIS RUNG STARTS THE J SEC TIMER UPON A HIGH TRANSFER PRESSURE TRIP 
HI XFER PRESS LATCH 

N20 14 

10 
_ _ ~ ~  ~ 3 F  

UPON TIMING OUT OF THE J SEC TIMER, THE INJECTION PUMP W L L  SHUTDOWN 
HI PRESS INTLK 

NZO I4 
5 SEC DELAY 

1 XFERPRESSHIGH 
CLEARED IN1 PUMP OFF 

NMI 20 N16 11 

6 J 
kt---r OSR 
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A ,  
5 

HEATERONFRDMDTAM FGMHILFL COMHlLFL COMTRB 
N16 9 N20 25 NZO 25 

J 6 9 
a t  d.: 

UMP ASSEMBLY HEAT TRACE 

N 1 6 9  

-5> 

OW6 

wrn 

wo8 

mu9 

1 -  I LY9 
3 

HEATER ON FROM DTAM FOM HI LFL CGM HI LFL COM TRB 
";6? ma :q: I 7  N F  N y O  "7: 

9 

~ __ - 
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TO MODULE 1 FOR wv 
N20.24 

I 3  
WOI 

MOVE OUTPUTS TO MODULE 6 

OW2 - 
MOVE OUTPUTS TO MODULE S 

W03 c 
1 MOVE OUTPUTS TO MODULE 9 

m- 

1 MOVE OUTPUTS TO MODULE I O  

1 MOVE OUTPUTS TO MODULE I I 

o w 6  ,- 

OW7 

woe 
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N30:O 
3281C 

0000 

0001 

0002 

0003 

0004 

wo5 

wo6 

~ 

i 

L A D  20 - --- Total Rungs in File = 13 
~ 

I '  3281< 1 

Calculate Total dilution ratio. 

-MOV 

3281< 

3277.0< 
Input Min. 3277.0 

Input Max. 16384.0 

Scaled Mia. 0.0 
1 6 3 8 4 . 0 ~  

Input Min. 3277.0 

Input Max. 16384.0 
3277.0< 

1 6 ? ~ 4 n c  . .. . . . . 

0.x 

SaurceB N303 

F821 
0.W 

Cslculate total dilution ratio. 

Source B 100.0 
1OO.W 

Metering p u p  flow range will not bs less than Mi" Total dilution flow. 

SourcsA F821 ! 

SourcsB F823 

Metering pump flow range will not be greater ulan M u  Total dilution flaw. 

SourosA F821 

Source B FW.4 
0.01 

Metering pump flaw-Dilution flow - injection flow. 

___ - 
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~- 

If Metering pump flow is greater ulan 0.04 gpm then hrm an metenng pump 
DIL CONTACTOR 

N6028 

1 
-<t--- 

F E Q  -~ 
Grtr Than or Eql (A>=E) __ 
SourceA F8:22 t 

Metcnng pump flow max IS 4 Ogpm 

0008 
S o w e  4.0 

F822 
o.o< 

1 Des1 

d i n g  output for metering pump flow. 
-SCP 
scale wiPamneterr 
Input 

Input Min. 

Inout Max. 

ww 

Scaled Min. 6242.0 
6242.W 

ScaledMax. 31208.0 i 
31208.0< I 

18724< 
output 

0010 

~. . 001 1 

0012 
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